Atomic positions were measured with a simple pointer and ruler system for all the CA atoms and the beginning and end of the side chains of core residues (C, and, e.g., CD). This co-ordinate file was then examined for CA-CA distances, and those outside 3.&4.OA corrected by manual operation with the FRODO program on an Evans and Sutherland PS300 computer graphics system. The stereochemistry of overlapping sequential segments of the main chain was regularized by superimposing the best 20 fits from a file containing a large number of well-defined protein structures to the C, positions. The best fit was chosen on the basis of correct C, orientation and minimum root mean square (RMS) deviation (usually approx 0.8) of the CA. Standardized side chain parameters for all residues were then fitted to the computer model. Stereochemical regularization was performed by reiterative cycling of data, placing increasing weight on the stereochemistry and less on the measured co-ordinates. Eight to ten cycles were sufficient to reduce the RMS shift in co-ordinate position to less than 0.5. C, and some terminal side chain atomic co-ordinate positions measured from the physical model were then superimposed and the regularized side chains adjusted visually to them. The stereochemical regularization was then repeated.
Following up an earlier study (Berg, 1977) , we reported several years ago that incubation of a partially purified preparation (35-50% ammonium sulphate cut) of the rat liver aminoacyl-tRNA synthetase complex with MgATP resulted in its time-dependent inactivation (Damuni et al., 1982) . This inactivation could be demonstrated for the methionyl-, isoleucyl-, leucyl-, lysyl-and arginyl-tRNA synthetase activities associated with the complex, was only observed if NaF was included, and was stable to gel-filtration (provided that NaF was present). The multienzyme complex could be separated by gel-filtration from a protein(s) that catalysed the MgATP-dependent inactivation reaction and a fluoride-inhibited protein(s) that catalysed reactivation. Reactivation could also be achieved using partially purified preparations of protein phosphatase-1 or protein phosphatase-2A. We therefore suggested that the multienzyme complex might be regulated through a phosphorylation4ephosphorylation mechanism, the inactivating factor being a protein kinase(s) and the reactivating factor a protein phosphatase. The absolute requirement for NaF to observe MgATP-dependent inactivation suggested that the protein phosphatase activity associated with the partially purified preparaton was much more active than the protein kinase (Damuni el a/., 1982). We now report that the inactivation-reactivation phenomenon is not due to reversible phosphorylation of the protein, but is caused by the generation and destruction of inorganic pyrophosphate (PP,), a potent inhibitor of the enzyme.
The first indication that a phosphorylationdephosphorylation reaction might not be involved was obtained when homogeneous preparations of protein phosphatase-1 and protein phosphatase-2A failed to stimulate reactivation of the methionyl-tRNA synthetase activity of the partially purified complex, in contrast to the partially purified preparations used previously (Damuni et al., 1982) . In Abbreviation used: PP,, inorganic pyrophosphate. *To whom correspondence should be addressed.
VOl. 15 addition, measurements of the nucleotide levels during the inactivation reaction revealed that > 80% of the ATP had been destroyed during the first 15 min of incubation at 30°C. This raised the possibility that ATP might have been converted into a substance that inhibited the multienzyme complex. Inorganic pyrophosphate, a product of the aminoacyltRNA synthetase reaction, is known to be a powerful inhibitor of these enzymes and experiments were therefore performed to see if this compound was being generated during the inactivation reaction. These studies revealed that incubation of the enzyme preparation with 8 mM-MgZ+ / 10 mM-ATP led to the formation of 1 ~O~M -P P , within 30min, provided that NaF was present. In the absence of NaF no PP, was produced. The amount of PP, carried over into the methionyl-tRNA synthetase assay (1 5 PM) was sufficient to account for the observed inactivation. No other hydrolysis product of ATP was formed in sufficient amounts to cause inactivation.
Although PP, production could account for the MgATPdependent inactivation, the finding that inhibition was stable to gel-filtration (provided that NaF was present) did not appear to be compatible with this idea. To resolve this problem, the preparation was therefore incubated with I~OPM-PP, + NaF instead of MgATP + NaF, and then subjected to gel-filtration in the presence and absence of NaF. These studies revealed that inhibition by PP, was stable to gel-filtration provided that NaF was present. In the absence of NaF, the rate of reactivation was identical to that observed after incubation with MgATP + NaF. Thus PP, must remain tightly bound to the aminoacyl-tRNA synthetase complex, even after gel-filtration.
In summary, the MgATP-dependent inactivating factor is an enzyme(s) that converts ATP to PP,, and the reactivating factor is one or more inorganic pyrophosphatases. The requirement for NaF to observe any inactivation can now be explained because this compound is a potent inhibitor of rat liver inorganic pyrophosphatases (Irie et al., 1970) . Reactivation of the aminoacyl-tRNA synthetase complex by partially purified protein phosphatases observed previously is presumably explained by contamination with inorganic pyrophosphatase activity. PP, inhibition also explains why the arginyl-and isoleucyl-tRNA synthetases were inactivated more slowly than the methionyl-, lysyl-and BIOCHEMICAL SOCIETY TRANSACTIONS leucyl-tRNA activities, but were reactivated more rapidly (Damuni et al., 1982) . Since these two enzymes were more active with the Escherichia coli tRNA that was used as substrate (Damuni et 1982 When blood contacts an artificial surface such as glass, both platelet adhesion and aggregation, and the activation of the intrinsic blood coagulation system, ultimately lead to thrombus formation (Mason, 1972) . Lyman et al. (1968) reported that the coating of a surface with bovine serum albumin (BSA) inhibited platelet adhesion, and Chang (1974) showed that the albumin coating of surfaces improved the blood compatability. BSA can be physically adsorbed on to glass from solution at pH 4.6 (Bull, 1956 ). We show here that a greater increase in the clotting time is achieved if the BSA is chemically bound to the glass surface, by means of its reaction with Cibacron Blue F3Ga (CBF3Ga) which was previously attached to the glass activated with 3-glycidyloxylpropyltrimethoxysilane (GOPTMS). Soda glass tubes (Samco, type G002; 1.5 cm x 12 cm) were cleaned by boiling in concentrated nitric acid, then exhaustively washed with distilled water and dried at 110°C. The cleaned tubes were activated with GOPTMS (Ohlson et al., 1978; Thresher & Swaisgood, 1983) in acidic medium. Linkage of the reactive dye CBF3Ga to the activated glass was accomplished by the method of Bohme et al. (1976) , at a modified pH of 8.6 (Atkinson et al., 1982) . BSA was bound chemically to the glass surfaces of the tubes via the linked dye, using the procedure described by Travis et al. (1976) . Also, BSA was physically bound to tube surfaces by soaking in a 6g% (w/v) solution in 0.05 M-sodium acetate buffer (pH 4.6; 25°C) overnight at 37°C. The clotting times of freshly shed human blood samples were determined at 37"C, using the procedure described by Coleman et al. (1982) . In each of five replicate experiments, the clotting times for untreated cleaned tubes, and tubes coated with physically bound BSA and tubes with chemically bound BSA were compared. Also duplicate control experiments were carried out for both the physical and chemical binding treatments, omitting BSA from the appropriate solutions.
The results for the clotting time experiments are set out in Table 1 . The mean clotting time for untreated tubes was in agreement with the values obtained by Coleman et al. (1982) . The physically adsorbed BSA more than doubled the mean clotting time of the appropriate control; this effect is similar in extent to that observed by Hennick et al. (1984) for glass coated with albumin-heparin conjugate. The chemically bound BSA gave a mean clotting time almost three times the value for untreated surface, or almost double the value for the appropriate control which had bound dye only on the surface. This latter control indicated that the bound dye may have reduced the thrombogenicity of the glass surface slightly; some blood proteins may have Abbreviations used: BSA, bovine serum albumin; CBF3Ga, Cibacron Blue F3Ga, GOPTMS, 3-glycidyloxylpropyltrimethoxysilane. bound to the dye, although albumin binding would be less preferred at the blood pH. There was an increase of about 25% in the clotting time for the chemically bound BSA, compared with the physically bound. The statistical significances were evaluated using Student's t-test for the clotting time differences for the untreated surface and the surface with physically bound BSA, for the untreated surface and the surface with chemically bound BSA, and for the surfaces with physically bound and with chemically bound BSA; the significances were respectively P < 0.1%, P < 0.1% and P < 1%.
